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ABSTRACT , . 

In research, the use of linear additive methods^ xs 
expedient when predictioia is the goal; however, when understanding is 
the goal, an explbratibh of non-linear multiplicative procedures is 
more appropriate* To cbiapare the results of linear and non-linear 
models, data obtained from a survey of 35 bereaved mothers were 
compared using scattergrams, correlational analyses, analysis of 
variance, and factorial plots. Iftdepehdent variables in the study 
included length of time since the death, the mother's level of 
education, her perception of family religiosity^ and family stress. 
The dependent variable was maternal perception of family adaptation 
to the unexpected death of a child. Results showed that analysis 
based only upon cbrrelation coefficents was misleading since this 
approach did not account for the disordinal interactions indicated by 
the Anova. These findings suggest that research »nd theory on family 
adaptation to crises, based only on additive linear inf prmation^^ 
could misdirect family practitioners and coutliilori. Researchers must 
be careful to define their goals, conduct exploratory^ data analyses, 
and use non-linear models when theory is not strong* in order to 
derive th« most beneficial and "true* results from their data. 
(Author/BL) 
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Abstract 

Andersbii and Shanteau (1977) have suggested that the goal of research can 
be eri^her ptcdictlcix or understazkling. The use of linear additive oethtiis 
S expedictr^t: vbm on^'s f^oal is pr^lictioh; however ^ Whax imderstandihg is 

go^al i&n exploration of non-lineaf Tmiitipiicative procedtires is roore 
avppr^PiS^late. This paper provides two examples for cocparing the results of 
iin^ar hcn--ltftear ocxjels. DJta were bbtaiiied froo a survey of 35 
tereaved Others. Independent variables include length of tit^ since the 
ieath, the :ci!5«:her ' s level of education, her percept iofi of faaily religiosity » 
'JtT?rd Ciisily utr^jss^ The dependent variable is isatemal perception of fmily 
^^4iftt:ri^i6a to unexpected dca'^h of a child. Results were cc^pared 

m^ti^rz^is^i correlational analyses^ analysis of variance and 
i!^::^ri^it plots; toalysis based only upon correlation coefficients was 

slnci? this approach did not account for the disordinal interactions 
indleated by fh^ ;yibva, Iinplicatidns for theory, research and application 
are discussed in relation to both bereaved families arid family studies 
in general* 
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Misuse of Linear Models: Understanding Coescsunity 
Linkages in Family Adaptation to Uhexnected Death 

M^-^mt^on Jmd Shanteac (1977) have suggested that the goal of research 
can he *?/ith€r prediction understanding. Their work indicates that these 
two goals are often incoc^atible^ each ^lapbsing its own constraints oh design 
and procedure* If thie goal, of research is prediction then linear models are 
asefol, owtog in part to their siS^iicity and ability to gloss over 
discrepancies that appear in part of the data.^ However, if the goal of 
research is under c<t aria iiig* then the use of correlational analysis and examination 
of additive models can be extremely misleading. Thi^ i:ah he crucial when 
theory calls for interaction effects i^d only linear models ate tested. 
Schutnm (1982) has suggested that it is possiblie for interaction effects to be 
of such impt>rtanc«^ that ptop>er interpretation the relationship feetw^cn 
two variables c/innot be done without accbuhtihg for such interact ioa teriss* 

It is our concern that the growing use of multivariate^ an&lyses irn 
family studies (Killer, Rollins, and Thomas, 1982) will lead to naive 
applicat iorii of linear procedures without careful consideratiisn of both data 
inspection procedures and ridh^liriear models* This position echoes the 
concerns of others who claim that social scientists heed both a skepticism of 
multivariate and summary measures that represent only certain aspects of the 
complexities t)if data, and an openness to unanticipated patterns thro?jgh 
more exploratory data analyses (Hartwig and Dearihgi 1979; Schunnii 1982). 
Hartwig and Dcaring (1979) have attributed this problem of naive application 
of summary procedures in part to the false equation of data analysis with 



EKLC 



4 



statistics. While diti analysis involves the bre^^ of data into neaningful 
cbmpbaerits. It has been tak^ to mean the analysis af data by nse 6i statistics 
alone, miniiaizing the irportance of visual displays Of data. 

the conftision over v diet the goal of one's research is predictiati or 
understanding, together with the choice of inappropriate or limited dat? 
analysis aethods not only is a hinderance to taethodology in f^ily studies but 
affect^ the entire professimi. While several authors have called for an 
integration of theory, research and application ^Olsoh, 1976; Sprenjcle, 19?6) 
this objective cannot be reacJjed through incoopiete or incorrect analysis 
of data. Dlfferenciatibn of the goals of prediction and understanding in 
.faaily studieB along with clarity of their statistical ,*nd d=ta analysis 
probims iay be ia step toward enhancing the quality of research, aiding 
thmwy cmmructim artd enabling educators and clinicians to address issues 
/of th« pracEicai a,^pi*catiohs of our works. 

m- mm thrust of this paper is to provide two examples of the 
tor^nttaned ptohims by comparing visual display of raw data with linear 
md non-mem nodcU in the area of fismlly adapt.«inn to crisis, focusing on 
comntiinSty linfeafres and their possible relationships to adaptatlw),. 
Specifically, this pap^r focuses on factors r<«Uti?d to maternal perception 
of family adaptation to the unexpected death of a child. Although several authors 
havf indicated that families face great difficulty after the death of a child 
(Kubler-Ross, 1969; Schtff, i97"), re;5earch findtn'^s av/ailable are 
generally case studies Based on clinical observations of dysfunctional 
families (Hllgard, 1974; Kreli and Rabkin, 1979) or involve faniiies who 
have ixperi^l^^ a child's death due to a fatal illhcss (Harc-Mustin, 
1979: Kallsh, 1977; Shrier, 1980). While the majority of deaths of infants. 
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children, adolescents, sM i^ults resuli! iii^ saM^ iSd uHexpected causes 

{iSixon and ?eam, 1971) , there is a lack of infOnaatibn concerning the 
post-death sltuatibhs of these faoiiies. Therefore* it is assxinei t^nat theorv 
coQceSiteg family adaptation to the unexpected dea^h of a child is inade<juate 
for conducting stadies ai^ecf; at prexiictibn aiid that the goal of related 
research at this point is to increase understanding rattter than enhance 
pre<3ictive ability. 



Methods 



Ai'l families contacted were involved with The Cdapassionate Friends. \% 
nationwide nondenooinatibnal self-help organization for bereaved parents. 
One hundred sevmty-six questionnaires were distribute-! to parents at meetings M 
four Cdtapasslonate Friends groups located in three metropolitan areas in 
northeast Ohio. Subjects returned questionnaires by nail or at the next 
oonthiy Br^eting of a Cdmpassionate Friends group. Fifty cjuesticmhalres 
were retarned for a 28% response rata, typical of this type of research 
(see Videka-Sherman, 1982). Of those 50 questionnaires, 35 were returned fey 
jiothers vho- cxpcrlwce^S tl'ie sudden unexpected death of a child. 

The mothers' average ago was 41 and ranged from :r. to 58. Nearly half 
of the- mothers had attended college. Eighty-three percent were currently 
married. Sixteen mothers identified thcnselves as Protestant, 15 as 
Roman Catholic, 2 as nondcnomtnatlonal and 2 as having no religious 
preference. 

The major dependent variable survied in this project was the mother's 
perception of personal and fSSlly coping following the sudden unexpected 
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death of a child- A sadden death vas defined as one which occarred withtii 
2C hours of the cause or aecideit. eoping was defined a; the response of 
tcidiviaual family meobers to manage the hardships of the situation (McCiibbin 
and Patterson, 1981, 19825. The scale for taeasuring perceived copinR vas 
obtained froiE a set of objective criteria developed by Svamer (1980). the 
criteria were developed froei open-ended questions used to study the adaptation 
level of parents folldwihg the fatal illness of a child. The criteria 
were transiaied into a set of 15 likert scale iteos; 

Four taajosr independent "ariables were assessed. Three were drawn fnon 
concepts implicit in MeCubbin and Patterson's Double ABCX Model (1981.1982). 
Stress was neasured using the Life Events Invaitory (Cochrane and Rol)erts*n. 
1973), a checklist of events designed to iseasure the amount of tunnoil and 
upheaval chat the fasnily incurred within the past year. For the Anova, stress 
scores weri' rank ordered and categorized as "high" 1^-17} or "low'' (n-18). 
Religiosity , defined as family religious participation, behaviors and 
attlt«d<«s, was detennined by 9 items used in the Gallop Poll (Relipibn in 
America, 1975). For the Ahova, rel4f jbr.i t y scores were rank ordered and 
ratf>;ori2fd as "high" (n_-17) or "low" (n-18). Educatibh was assessed by 
mothers' rcspbhs«8 Concerning their highest level of education, which 
ranged from 10 to 21 years. Fbr Che Ano*a, cdqcatioa scores were rank 
ordored and categorized as "12 years br less" (£-19) or "greater than 12 
years" (n_"16). 

Althbugh the fourth variable, time, is hot explicit in the Double 
ABCX Model it is listed as an Iroportant Implicit dimension since Mcrubbih 
and Patterson expected that as families proceeded through the coping process^ 
more bf them would move toward higher levels bf Bon Ad apt a tj^ . time since 
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the child's death was collapsed to fori three categories: "less than ime 
year" <«^12>i to tvo yeara** (£=il) aad "more th^ two years'* (n=12). 

Results 

Preliiaihary 

Results of the bivariate correlatidh iinalysls oti original undichotonized 
data (see table 1) indicated that stress {r«-*325 and education (r*.«3) 
were significantly cofrelated only with adaptation while religiosity (£=.26) and 
ti>ae (r«.17) were hot. Anderson and Shanteau (1977) have noted that when 
onderstanding is the ultimate goal (as in this case), the use of correlations 
tnay produce an inaccurate picture. Therefdrei scattergraas of points 
representing the relationship of stress and education with adaptation scores 
were constructed (see Figures 1 and 2). The neat linear patterns anticipated 
frow the correlations were hot observed. There appeared a definite group 
of scores that clustered away fro^a the dc«nihaht pattern in each case. 

E xample 1 

Foliowivrg Swamer's (1980) approach, a daptation scores were rank ordered 
and categorized as "high*' (n-17) or "low" (n^lS). A correlation analysis 
(sec Table 2) indicated that the cocf £ ticitnts for titne (i*.07)* relifgioslty 
(rs.20) and mother's edu^ tjgg (£-.14) with perceived tiaily adgpL^^oh 
were positive but not significant. The coefficient between Stress 
a4f£tay_on (r»-.37) was negative and significant. 

Using the suggestion of Anderson and Shanteau (1977) ih analysis of 
variance was computeKiJ to ^td understanding (see Table 3). The analysis of 
variance indicated that the main effect for stress on adaptation was not 
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significant at the .05 level. However* the interaction teriiis for stress by 
relipiosity and stress bv educatioii were sigatficant. 

the interaction of s tres s and-xeligiosity as it affect^ mdaptatioci 
plotted in Figures 3 and 4. Both factorial plots indicate a disbrdinal 
interaction (Kennedy^ 19785^ The cdmbinaticrh of high stress and low 
religiosity was related to low perceived f^tly adaprat ion , the adapt ation 
of fanrlies with high stress was significantly influenced by level of 
religiosity (Figure 3), and adapt at ictt df faiailies with lo;v r elifiib si^ was 
significantly influenced, by level of st ress (Figure S). For low stress 
faaij ies^ level of reljgibsity diS not greatly influ^ice adaptation (Figure 3) 
as was true for the influence of level of stress on the adaptati on of 
faisilies with high religios ity (Figure 4). 

siciilar disJordlhal pattern of interaction was noted in the factorial 
plots of the relationship of level of stress and nbther's gducation tG 
adaptati on (Figures 5 and 6).. Perceived adaptation was lowest among 
fassilies with high stresa and a low level of toother 'i^ cducat ion. High 
perceived adaptation occurred families where either there was a low level 
of stres s and & low level 6t tnothei's cducat ic^ or v^here there was high 
stress and s high level of ^lother's edGcatton , 

Example 2 

Assuming thit Swarher's (1980) decision to dlchbto^^ize families as either 
high or low adapters wai» arbitrary and did not neces'Sfirily accurately 
describe the adaptation of bereaved families » the same analyses w^re run 
using th^ original range of adaptation scores. Results the bivariiite 
correlation analysis (Table 4) res^bied those of the drigJual uhdicHatc^aized 
data (see Table 1). Only stress (r»-.4i) and educatiCT^ (i«.48) w^re 

ERIC S 



a 

sigiiif tcantiy correlated with perceived adaptati on. 

i^gaiSy to aid tmd^rst^d in% of the situation of bereaved fiaiiie^ an 
analysis of variance was cdoputed (see THble 5); this ar^stijsis indicated that 
the aain effects of stress arv^ ^duca^on were significant, as was the 
interact ibn of stress and ^ucatioh * K«ihedy (19785 has suggested that if 
nain effects and interaction are each signific^tiy related to a dep^d^t 
variable then a factorial plot is necessary to clarify the findings. If the 
interaction is ordinal then sunaary stat Merits can be made of the overall 
main effects. However^ if there is a disbrdihal interaction this negates 
simple interpretation cf main effects^ and conclusiooss regarding the 
relative effectiveness of independent variables mast be specific to each level 
or c6»bihatioh of interacting variables. Figure 7 indicates that the 
interaction of stres s and educatiba is disbrdihal. Therefore* interpretation 
of the simple main effects from either the Anova or the bivariate 
cdrrelatidns is misleading. As was found in Example 1, th« combinatiot^ of 
1^^ tdi|GjtJjM and high %tress was related to low perceived a daptjtjo ^. 
Figure 8 plots education as a function of levels of s tres s. This figure 
indicates that highest perceive>d ada ptati on occurred in fatmilies where 
mothers had higher levels of irdacatipn (suggesting a main effect). If 
the factorial plot is graphed wUh Imels of ^ ^uc^ t ion in it®, face (as 
in Flgurt> 0 then the pr^Ssencc of a disbrdihal interactlcm is obscured. 
Wliiie tfe ehoi^e of which fictbr to ^^Tapli ia^ the face of a factorial plot is up 
to the r^h^e^rcher in predictive research ( because there presuniahly is a 
variable of ^rear«^?it interest) » research that is ntm^ jait increased 
uh?Jct standing necessitates th(^ graphing of both plots^. 
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Discassion 



F^e iterating the ideas of Person snd Sh^teau (1977), this p^psr is 
not intended to criticize the use of linear additive models in research cohductea 
with the goal of practical prediction. However, when the goal of riseareh is 
understandings linear additive models gloss over discrepancies in the data 
that cS provide important cluesc Other authors have highlig!tted this point- 
Lichtenstein, Earle, and Siovic (1975: 85) noted that correlations derived 

from regression models are "not useful in uncovering serious discrepancies 

2 — - 
frbo the model." The statistician John Tukey (1969: 89) has gone so far 

as to say that "Sweeping things under the rug is the ehe«y of good data 

analysis (and) using the correlation coefficient is 'sweeping under the rug* 

uith a vengeance." What is needed in research ai^ed at understanding is a 

test for the degree of disagreement between model and data, rather than a 

ir^i for the degree of agreorieht (Anderson and Sh.iriteaiu 1977). 

Improperly conducted research can Sot only prcxluce inaccurate results, 

hut on a cufoulative basis it can produce harmful effects on the direction of 



research^ perpetuating iticdmplete of incorrect inf orinAitidn. In additi.in to 
miwgiiidlng research, the work of other family prof e«iibnals would be 
affected. Res*>arc1i that is guided by the goal of prediction alone would 
lltTilt the comprehensive nature of theory used by family life educators* 
Althoujih such n ttoenry mny predict the adaptation levol of n icrrnin typo of 
family^ it Ignores the life expe/iehccs and needs of triany ot!icr fnmlli^.s. 

Research ;md theory ofi family adaptation to cr Isis^ bnu^d only on 
nddiivlve lineat iJi format inn (kucIj a^ that rontafnrd in rorrelation 
rX4am5>Aefi within tills paper]^ could also tnisdiroct fafnijy prart Jr loners 
an<i roiinsolors. For ex^mple^ the lihe.ir additive Tnodel w^vtjld fjiijrr.cst that 
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simply mlnliiiizljig stress would lead to higher perceived family adaptation, 
ignoring the interaction of stress with such resources as level of education 
or religiosity results is an incomplete and simplistic prescription. It 
appears that for some families the combination of high stress pile-up and a 
hi^h level of resources (or community iinka£es) can result in higher 
than average adaptation. 

Clarity and understanding aire particuiariy important for professionals 
involved in death education or working with bereav%^ families. There is a 
general lack of thanatologicai education and training among f^ily professionals. 
This void is also perpetuated within textbooks on marriage and the family 
where little space has been used to deal with familial coping with death — 
a crisis which ail families will encounter (Dickinson and Fritz ^ 1981). 
Attention to this issue, the use of exploratory data ^alyses and examination of 
abn-lineat models may aid in understanding the interactions of stress pile-up, 
family resources and family perceptions (or definitions) and their role in 
adaptation. For example, it appears that the interaction of level of stress 
and mother's education influences a.daptation. In this case, is education a 
resource (such as s ccntributor of soclsjj supports), a cognitive framework for 
organizing and interpreting stressor events (Videka-Sherraan, 1982), or 
both? The same question can be asked of the role of religiosity and stress. 
Why is it that certain combinations of stress and resources appear to foster 
adaptation to crisis while other combinations seem to inhibit adaptation? 
What aspects of religibslfcy education are most helpful in adaptation? 
Wlien issues such as these are more clear, then practiciohers will be better 
equipped to aid bereaved families, policymakers can more efficiently 
distribute resources and accountability will be less nebulous. 

In summary, although the findings presented here are not conclusive. 
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they serve t5 suggest that: 1) prior to conducting a study 
researchers determine whether their goal is brie of prediction (i;e;, 
"Do the data corifirffi iny hypothesis?") or understanding (i.e., "What can these 
data tell me about the relationship between these variables?")* 2) exploratory 
data analyses, including visual displays such as scattergrams, be 
conducted to get an initial "feel for the data", and 3) when theory is not 
strong and/or uriderstanding is the goal of research then riori-linear and 
multiplicative models be included, with an examination of factorial 
plots. For non-linear analyses the use Of analysis of variance or 
regression with built-in interaction terms may be useful. Log linear 
analyses can be conducted as a way to use a multiplicative model for 
regression. 
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Footnotes 



According to Marsderi the Use of a linear model implies that the effect of 
raising an iridepcriderit variable by one of its units is cbhstant with changes on 
the dependent variable. TiVe nature of this relationship depends neither on 



nther independent variable (1981: 14). The term •'linear model'* in this paper 
will include the use of correlational analysis (Pearson's correlational cb- 
efficient) arid those regressions which examine only main effects. In contrast^ hbh- 
linearity will refer to examples in. which the effects of an independent variable 
on a dependent variable are not constant (Marsden, 1931)* 
2 _ 

Although the analysis of variance employed in this paper is a special case 
of regression, it goes beyond analysis of a linear additive nibdel by examining 
nbn-lihearlty and raul tiplirative or Joint relatibhs (Kennedy^ 1978; Pcjdhazuri 
1982). 

3 itie reader itay be questJ.caiing viiether the pidtting of residuals vtnild 
clarify research aired at understanding arfl cxplbratic«i» Ariderson <wJ 
Shahtea\u (1977) have shcwi several scattefplots of predicted ^^ues as a 
functicMi of the cS^served ineans, with obrreiations above ,9B» Yet, e5<±i of 
Qi«e plots is misioadiiig — concealing the bilinear fan shape of 
factorial plots v*iich stppbrt a itultiplicative rcxfel* 



the value of the dependent variable before the change nor on the value of any 
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Table 1: Pearson's Correlation Matrix 
(with no variables dichotomized) 
(n-35) 

^ Time Stress Reli giosity ^dacaiion 

Adaptation .170 -.324* .265 .^30* 

Tirae -.085 -.129 .149 

Stress -.018 -.123 

Reiigiosity -263 

*p^.05 

Table 2: Pearson's Correlation Matrix 
(with all variables dichdtomired) 
(ni35) 

time Stress^ Religiosity Education 

Adaptation .069 -.373* .199 .1^1 

Time -.138 0.000 .069 

Stress -1-4* ^-089 

Religiosity -^^^ 



*P ^.05 
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Table 3: Andva for Education, Stress arid 
Religiosity on Family Adaptation 
(Ail variables dichotomized) 



So'acce 


at 


M 


MS 


F 


Educate;. n iE} 


1 


IOC 




X . 1 1 H 


Stress Ko) 


1 


.630 


.630 


3.593 


Religiosity (R) 


i 


.329 


.325 


1.877 


E X S 


i 




1.U9 


6.555* 


E X R 


i 


.368 


.368 


2; 102 


S X R 


1 


.877 


.877 


5.004 


E X S X R 




.014 


.014 


0.081 


Residual 


27 


4;733 


.175 




Total 


34 


8.7A3 


.257 





*p4.05 
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Table 4s Pearson's Correlation Matrix 
(Only Independent variabilis dichbtomized) 

Timp StrgRs Religiosity Education 

Adaptation .168 -•*09* .584* 

Time -.138 0.000 .069 

Stress -.14^ -.088 
Religiosity .141 
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TabJe 5: Anova for Educatibh* Stress and 

Reiiglosity on Faraity Adaptatibi? 
(only independent variables dichotomized) 



Source 




SS 


MS 


F 


Education (E) 


1 


286.608 


286.608 


12.181* 


Stress (S) 


i 


191.090 


19) .090 


- — * 
8.121 


Religiosity (R) 


i 


1.007 


1.007 


0.043 


E X S 


1 


196.801 


196.801 


8.364* 


E X R 


i 


2.567 


2.567 


0.109 


S X k 


i 


53.391 


53.391 


2.269 


ii X S X R 


i 


2.446 


2.446 


0.104 


Refidual 


27 


635.293 


23.529 


5.038 


Total 


35 
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Figure 1. Scattergram of adaptation by stress. 
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Figure 2. Scattergram of adafJtation by school 
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Figure 3: Effect 6£ Stress mi Reiigiosity 
oa Adaptation^ 

(stress as a ftmction of levels of 
religiosity) 

^Adaptation dichotomized 
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Figure 4: Effect of St r^s Religiosity 
on Adaptation* 

(religlbsity as a futicticni of levels 
of stress) 
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Figure 5: Effect of Stress and Education 
on Adaptation* 

(stress as a fimction of ieveis 
of education) 



^Adaptation dichotooized 
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Figure 6: Effect of Stress and Education 
on Adaptation* 
(education as a function of 
levels of stress) 
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Figure 7: Effect of Stress and Education 
pii Adaptation * 

(stress as a fuhctidh of levels 
of education) 

*Adaptatibh riot dichotomized 
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